ABSTRACT
RESUMO

Este estudo foi realizado para determinar a relação
INTRODUCTION
Imbalance in dietary amino acids supply may implicate animal performance beyond enhancing spent of energy and amino acids, such as glycine and serine, to eliminate excessive nitrogen by poultry organism, which when excreted into environment may contaminate soil and hydric resources. The establishment of ideal amino acids profile to meet poultry physiological demand has allowed poultry nutritionist to reduce crude protein by adding crystalline amino acids to diets, which contribute to reduce nitrogen pollution into environment.
Among essential amino acids, threonine (Thr) compound the profile of amino acids demanded by poultry. Its importance in mucins synthesis in gut, antibodies and uric acid formation, besides its presence in body and egg proteins become SÁ et al. (2007) , Thr requirement for Lohmann hens from 34 to 50 weeks of age is 583mg bird -1 day -1 , which corresponded to the ratio with lysine in digestible basis of 70%.
As described in Brazilian Tables for  Poultry and Swine, ROSTAGNO et al. (2011) suggested that dig. Thr-to-Lys ideal ratio and Thr requirement for white laying hens with egg mass of 55.50g is respectively 76% and 610mg bird -1 day -1 ; whereas, according to ROCHA et al. (2013) such ratio for Hy Line W-36 laying hens from 24 to 40 weeks of age is 77.60%.
Considering the discrepancies among published results and the importance of Thr for poultry production as well as the establishment of its ratio with lysine in digestible basis, this study was performed to determine the dig. Thr-to-Lys ideal ratio for laying hens fed with low-protein diets from 24 to 40 weeks of age.
MATERIALS AND METHODS
At 24 weeks of age, two hundred forty Hy-Line W-36 laying hens with average body weight and egg production rate of 92.80% were randomly assigned to five treatments with eight replicates each one and six hens per experimental unit. Experimental units consisted of three 25x40x45cm metal cages, where two hens were allotted, totalizing six hens. Treatments consisted of diets formulated with five digestible Thr levels (0.461; 0.515; 0.622 and 0.676%), to obtain five dig. Thr-to-Lys ratios (60; 67; 74; 81 and 88%) . Dietary digestible Thr levels were obtained through the graded replacement of L-Glutamic by L-Threonine in basal diet.
Basal diet ( ROSTAGNO et al. (2011) . Methionine + cysteine, tryptophan, isoleucine and valine-to lysine ratios were met in 103% of those recommended by BRUMANO et al. (2010) , CALDERANO et al. (2012) , MELLO et al. (2012) and ALMEIDA (2014) respectively. Ratios of the other essential amino acids with lysine in digestible basis were supplied, at least, 3% above the recommended by ROSTAGNO et al. (2011) . Such criteria in amino acids supply aimed to guarantee the maximum utilization of lysine and to avoid dietary amino acids deficiency. Thus the ratio between amino acids will represent hen requirement.
All the other nutrients in diets, except Thr and crude protein, were supplied according to ROSTAGNO et al. (2011) nutritional recommendations, considering hen average feed intake of 95g bird -1 . Diets were daily supplied at 8 and 16h. During the experimental trial, hens had free access to diets and water. Lightning program consisted of supply of 17h of light a day. Temperature inside the experimental facility were recorded at 16h, by two thermometers birds-height placed.
Variables assessed were: egg production; egg weight; egg mass; feed intake; threonine and lysine intake; efficiency of lysine utilization per egg mass produced; feed conversion per egg mass and dozens of eggs; albumen, yolk and eggshell weight and percentage; final body weight and body weight gain; and nitrogen balance.
Nitrogen balance was estimated through excreta total collection. At 40th week, excreta samples from four replicates of each treatment were collected during three days and stored at freezer. Excreta and experimental diets nitrogen content were analyzed according to Kjeldahl method description. Nitrogen balance (%), expressed in dry matter was obtained through division of total nitrogen retained by total nitrogen ingested.
After analyses of variance (ANOVA) data were analyzed using polynomial and/or linear broken-line regression. Data were analyzed using R software package (R Development Core Team, 2009 ) and significant effects were considered when P<0.05.
RESULTS AND DISCUSSION
Minimum and maximum temperature recorded inside the experimental facility during the trial was respectively 19±2 and 31±2°C. According to HyLine W-36 guideline (HY LINE W36, 2015) , the hen thermal comfort zone is 18-25°C. Thus, considering the temperature recorded inside the facility, the hens were exposed to periods of heat stress.
Laying hen performance was affected by dig. Thr-to-Lys ratios (Table 2) . Egg production showed a liner and linear broken-line response as dig. Thr-toLys ratios increased according to regression equations: Table 1 -Composition and nutritional value of experimental diets. According to linear broken-line equations, the digestible Thr level from which the plateau was observed was 0.613%, which corresponds to dig. Thr-to-Lys ratio of 80% and egg production rate of 93.78%.
Digestible Thr-to-Lys ideal ratio estimated for optimum egg production (80%) in this trial was greater than the one determined by ROCHA et al. (2013) , who established the dig. Thr-to-Lys ratio of 78% as ideal for Hy-Line W-36 laying hens at the same age. The greater Thr need reported in this trial compared to those observed by ROCHA et al. (2013) may be justified by the higher egg production rate observed in this trial (93.78%) compared to the authors (84.42%). The average egg production in this trial was 92.60%, which is approximately 1% inferior to the recommended by the genetic line guideline (HY LINE W36, 2015) . Although the difference in egg production is narrow, it is important to observe that experimental diets were formulated to provide a sub-marginal digestible lysine supply, once this trial was performed to determine the dig. Thr-to-Lys ideal ratio for optimum laying hen performance and egg quality; and the establishment of such ratio and digestible lysine requirement allowed to determine ideal digestible Thr level in diets.
Egg weight was not influenced (P>0.05) by dietary dig. Thr-to-Lys ratios. Linear and linear broken-line (P<0.05) regression effects was verified for egg mass production as dietary dig. Thr-to-Lys increased, as described by the following regression equations: Ŷ = 50.4717 + 8.05188x, r 2 = 66.28 e Ŷ = 48.1656 + 12.5306x, r 2 = 85.87, respectively. The plateau was estimated from dig. Thr-to-Lys ratio of 75%, which corresponded to egg mass value of 55.43g bird -1 day -1 . The increasing observed in egg mass values in dig. Thr-to-Lys are expected, once egg production increased, whereas egg weight was not affected by diets (Table 2) . Similarly, SÁ et al. (2007) and LELIS (2010) did not observe effects of dig. Thr-to-Lys ratios on egg weight. However, authors reported dig. Thr-to-Lys optimum ratios for egg mass of 72 and 72.7% respectively.
The dig. Thr-to-Lys ratio of 75% is similar to those described by ROSTAGNO et al. (2011) , which recommended the dig. Thr-to-Lys of 76% for laying hens with egg mass production of 55g bird -1 day -1 . However, comparing the Thr requirement determined in this trial (535mg bird -1 day -1 ) with those described by ROSTAGNO et al. (2011) (610mg bird -1 day -1 ), it is observed that hens in the current trial presented higher efficiency, once they presented lower feed intake (75mg bird -1 day -1 less Thr) and produced equivalent egg mass (55g ave -1 dia -1 ). Average daily intake in this trial was 93g bird -1 , which close to feed intakes recommended by genetic line guideline (92g bird -1 day -1 ) (HY LINE W36, 2015). Thus, heat stress during the trial did not affect feed intake. Digestible Thr-to-Lys ratios did not influence hen feed intake (P>0.05). Such result is in agreement with published reports (SÁ et al., 2007; LELIS, 2010) and indicated that laying hens are not capable of regulating Thr deficiency through enhancing in feed intake (MARTÍNEZ-AMESCUA et al., 1999) . Table 2 -Performance and nitrogen balance of White laying hens from 24 to 40 weeks of age fed different digestible Thr-to-Lys ratios. Threonine intake enhanced linearly (P<0.05) as dietary dig. Thr-to-Lys ratio increased, as demonstrated by the following regression equation: Ŷ = 29.5080 + 877.481x, r 2 = 99.78. Such behavior of response is justified by linear increasing in dietary Thr supply to obtain dig. Thr-to-Lys ratios; and no effects of dig. Thr-to-Lys ratios on laying hen feed intake.
--------------Digestible Thr-to-Lys ratio (%)--------------
Digestible lysine intake was not affected by experimental diets (P>0.05), which is expected, once lysine in experimental diets, were equally supplied and feed intake was not influenced by dig. Thr-to-Lys ratios. However, it was observed linear and linear broken-line (P<0.05) effects on efficiency of lysine utilization per egg mass, as described by regression equations: Ŷ = 66.5893 + 18.4495x, r 2 = 84.47 e Ŷ = 62.6163 + 26.1657x, r 2 = 99.13, respectively. The plateau in laying hen responses was observed from Thr level of 0.614% on, which corresponds to dig. Thr-to-Lys ratio of 80% and the value of 78.23g g -1 . The efficiency of lysine utilization per egg mass is an important measure, once it isolates the effect of the amino acids studied on hen performance, specifically when treatments influence feed intake and lysine intake. Such variable allows identifying in which treatment the lower amount of lysine was used to produce one gram of egg mass. In the current trial, the greater efficiency of lysine utilization was obtained with the dig. Thr-to-Lys ratio of 80%.
Feed conversion per egg mass (kg kg -1
) and per dozen (kg dozen -1 ) reduced linearly (P<0.05) when dig. Thr-to-Lys ratios increased, as described by the regression equations: Ŷ = 1.92623 -0.409749x, r 2 = 85.14 e Ŷ = 1.39048 -0.323566x, r 2 = 85.84; respectively. Linear broken-line (P<0.05) effect of dig. Thr-to-Lys ratios was observed on feed conversion per egg mass (kg kg SÁ et al. (2007) verified better values of feed conversion per dozen of eggs with dig. Thr-to-Lys ratio of 72%. Although the lower dig. Thr-to-Lys ratio observed by the authors, compared with the ideal ratio determined in the current trial (78%), the Thr intake estimated by SA et al. (2007) was greater than the observed in this trial (583 x 555mg bird -1 ). Such difference is due to bird daily feed intake, which in this trial was 93g bird -1 , whereas SÁ et al. (2007) observed 114g bird -1 . In both trials, dig. Thr-to-Lys ideal ratio were determined with white laying hens.
The dig. Thr-to-Lys ratios was not observed (P>0.05) on final body weight and hen weight gain (Table 2) . However, the hens were fed with diets containing sub-marginal level of lysine, which could have influenced weight gain and final body weight. Linear and linear broken-line effects of dietary dig. Thr-to-Lys ratios (P<0.05) were observed on nitrogen balance (Table 2) , as described by the equations: Ŷ = 36.2349 + 38.1268x , r 2 = 96.90 e Ŷ = 36.5098 + 37.789x, r 2 = 99.84, respectively. The plateau was established from the Thr level of 0.643%, which corresponds to dig. Thr-to-Lys ratios of 83.70% and nitrogen balance of 60.82%.
Similar behavior was observed in nitrogen balance and egg production responses. The plateau for egg production rate was established from the dig. Thr-to-Lys ratio of 80%; whereas, the same response for nitrogen balance was observed from the ratio of 83.70%. Thus, it was possible to conclude that greater egg production rate requires greater nitrogen amount to maintain egg protein synthesis, which is obtained from dietary supply. Thus, less nitrogen is excreted, which impacts positively in nitrogen balance. MATOS et al. (2009) did not observe influence of dietary Thr levels (0.50; 0.55 e 0.60%) on laying hen nitrogen balance at 44 weeks of age, as well as on hen egg production from 25 to 44 weeks of age. Digestible Thr-to-Lys ratios did not affect (P>0.05) albumen, yolk and eggshell weight and percentage (Table 3) . Such results are in agreement with those observed in egg weight. Thus, the dig. Thr-to-Lys ratio of 60%, which corresponds to digestible Thr intake of 434mg bird -1 , maintaining adequate egg quality of white laying hens from 24 to 40 weeks of age. ROCHA et al. (2013) , as well as observed in this trial, did not observe effects of dietary dig. Thrto-Lys ratios on albumen, yolk and eggshell weight and percentage for white laying hens from 24 to 40 weeks of age. Though KAKIMOTO et al. (2014) who studied dig. Thr-to-Lys ratios for brown laying hens from 26 to 42 weeks of age, observed that digestible Thr levels of 0.65 and 1.1% resulted in greater and lower yolk percentage and lower and greater albumen percentage respectively. Ciência Rural, v.46, n.12, dez, 2016.
CONCLUSION
The dig. Thr-to-Lys ideal ratio for laying hens fed with low-protein diets from 24 to 40 weeks of age is 80%, which corresponds to the threonine and lysine intake of 571mg bird -1 day -1 and 713mg bird -1 day -1 respectively.
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